The aim of this study was to determine the energy expenditure and respiratory quotient (RQ) of ventilated and nonventilated low birthweight infants during the first five days oflife, in order to determine optimal feeding regimens. Eighty six infants, of birthweight less than 1750 g, were grouped according to whether they were artificially ventilated or breathing air spontaneously, and whether they were parenteraily or enterally fed at the time of study. Energy expenditure and respiratory quotient were measured during days 1-5 and the relation of energy expenditure to several explanatory variables was investigated using multiple regression analysis. The energy expenditure of ventilated infants was less than that of spontaneously breathing infants; the differences were significant on days 1-3. The respiratory quotient (mean (SE)) was greater in intravenously fed infants compared with milk-fed -0-99 (0.03) v 0-92 (0.01) (P<0.05), with 42% of studies of infants receiving total parenteral nutrition (TPN) producing an RQ of >1O0 compared with 16.6% of milk-fed infants (P<0.01). There was a significant correlation between glucose intake and RQ (r=0*39, P<0.001). The activity scores were measured during 75 studies and scores were significantly higher in spontaneously breathing milk-fed infants compared with ventilated parenterally fed infants. Factors independently related to energy expenditure were: postnatal age (P<0.01); milk feeds (P<0.01); and physical activity (P<0.05).
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A mix of carbohydrate and fat from day 1 may not only meet energy needs but may also reduce respiratory quotient. Optimal nutrition during the immediate postnatal period will not only enhance the physical growth of the infant but may also enable greater fulfilment of intellectual potential.'
Infants at greatest risk of nutritional insufficiency during the newborn period are the most sick and the most premature. These infants may not tolerate enteral nutrition and need to be fed by the parenteral route. It has been traditional practice cautiously to introduce amino acid solutions and fat emulsions towards the end of the first week of life to prevent intolerance and other potential side effects.2 A consequence of this approach is that the metabolic and growth demands of these infants are unlikely to be met during the first days of life.3 With recent evidence indicating that infants have critical periods of development which can be adversely influenced by relatively brief periods of nutritional deprivation,4 the practice of limiting the nutritional intake during the first days of life may not be beneficial to the infant.
If a more optimal feeding regimen for these infants is to be prescribed, further data on those factors which may significantly influence energy expenditure and nutrient utilisation of sick ventilated infants during the immediate postnatal period are required. Hitherto, availability of these data have been limited because of technical and methodological difficulties, but we have recently developed and evaluated an indirect calorimetry system for preterm ventilated infants.5 The aim of this study was to determine the energy expenditure and respiratory quotient of ventilated and nonventilated low birthweight infants during the first five days of life, relating the findings to relevant nutritional and non-nutritional factors.
Methods
Eighty six infants admitted to the Neonatal Unit in Ninewells Hospital with a birthweight between the 3rd and 97th centile and less than 1750 g, were entered into the study. The infants were recruited according to whether they were artificially ventilated or breathing air spontaneously, and whether they were parenterally or enterally fed at the time of study. In this study no attempt was made to standardise Low birthweight infants and total parenteral nutrition. I. Infants receiving intravenous fluids were initially commenced on an infusion of glucose 10% (80 ml/kg/day) and amino acids and lipid emulsion were introduced gradually from the second and third days of life, respectively. By day 5 infants were receiving about 150 ml/ kg/day (13.3 g glucose, 2 g amino acid, and 3.4 g fat/kg/day). During the first 48 hours of life the enterally fed infants received some intravenous fluid in addition to the milk feed and calorimetry was therefore withheld until day 3 when all infants in this group were fully The means (SE) of the groups were compared using either unpaired t tests or analysis of variance. The relation of energy expenditure to several explanatory variables was investigated using multiple regression analysis.
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This study was approved by the Tayside Ethics Committee and informed consent was obtained from the parent or guardian of the infant. (table 6) .
As this was not a controlled study and there was considerable inter-and intra-individual variation in the measured levels of energy expenditure, multiple regression analysis was recently the overall effect of these variables on the energy expenditure of the sick preterm infant has been uncertain. In this study of energy expenditure of low birthweight infants during the first five days of life, energy expenditure was found to be lower, and respiratory quotient higher, in parenterally fed ventilated infants compared with milk fed spontaneously breathing infants, this difference being most significant during the immediate postnatal period.
There have been few previous studies of energy expenditure in ventilated low birthweight infants during the immediate postnatal period. Hazan and colleagues, measuring energy expenditure before and after the administration of surfactant, reported similar levels of energy expenditure and also demonstrated considerable inter-and intra-individual variation. 1 Table S Oxygen consumption (VO2), carbon dioxide production (VCO2), and respiratory quotient (RQ) during days [1] [2] [3] [4] [5] V02 (ml/kg/minute) VCO2 (ml/kg/minute) RQ The measurements of carbon dioxide production in our study were comparable with those reported by Lucas and colleagues.'2 The energy expenditure data obtained by Mayfield during the clinical evaluation of an indirect calorimeter for infants were significantly higher, with expenditures of 50-75 kcal/kg/day being recorded during the first days of life.13 Support for our findings is provided by the study of Mitton and colleagues, who found that turnover rates, and therefore energy expenditure, were lowest in the most sick infants, using stable isotope methodology for measurement of protein turnover in sick ventilated preterm infants during the first days of life.'4 Low estimates of energy expenditure of ventilated infants using indirect calorimetry can occur if respiratory gases bypass the endotracheal tube, because this produces an underestimate of carbon dioxide production and oxygen consumption. Similarly, inspiratory gas leaks will result in an overestimate of oxygen consumption. In our study most infants were intubated with shoulder endotracheal tubes, and leakage was relatively rare and usually minimal. If a major leak occurred, indirect calorimetry was not performed. In the study by Lucas and colleagues leakage of carbon dioxide was either not detected or was less than 5% of total carbon dioxide production. 12 The measurements of PaO2 and PaCO2 taken before and after calorimetry were recorded as indirect measurements of changes in the respiratory gas pools.'5 The measurements of PaO2 and PaCO2 taken at the beginning and at the end of calorimetry were not significantly different, suggesting that measurements of oxygen consumption and carbon dioxide were not influenced by changes in respiratory gas pools.
There is a large volume of nutritional information on factors which may influence the energy expenditure of spontaneously breathing infants,2 10 but a similar analysis of ventilator dependent infants has not been reported before. Multiple regression analysis incorporating age and sex of infant, maternal antenatal steroids, surfactant treatment, type of feed, and artificial ventilation as discrete variables, and weight, gestation, and activity scores as continuous variables identified age (P<O0O1), type of feeding (P<O0O1), and physical activity (P<005) as factors which had an independent effect on energy expenditure. Previous studies have shown that there is an increase in energy expenditure in healthy preterm infants during the first seven to 10 This study has confirmed that low birthweight infants, especially sick ventilated infants, are in negative energy balance during the first days of life, and by day 5 they may not yet be receiving sufficient nutritional support to achieve equivalent intrauterine growth rates.22 Attempts to meet the energy needs immediately after birth with glucose as the sole energy source may be inadvisable, especially in infants with respiratory disease. Although there is a tendency to introduce enteral feeds earlier in those infants, this will not be tolerated by the sickest infants, and in those infants a mix of intravenous glucose and fat may not only reduce carbon dioxide production but also offer other nutritional benefits.23
